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We, The Dow Qbbmical Company, a 
Corporatioa organised and cadstiag nnder the 
Laws of the State of Delaware, United States 
of Ainerica, of Midland, County of Mid- 
md. State of Michigan, United States of 
America, do bsxtby dedare the invention, for 
wiich we pray that a patent may be granted 
to us, and the medKxl by which it is to be 
performed, to he particularly described in 
and fay the following statement: — 

This invention relates to self-extinguishing 
rams and methods for their preparation. 
More particularly tiie invention concerns die 
enha n cement of the flameproofing properties 
of an alleenyl aromatic polymer containing a 
omd& by die adnuxtore therewith of a foee 
radical imtator such as sulfenamides, hydra- 
zones, organic disulfides, or^ - diphenyl- 
a - metfaoxybibenzyl, azo compounds or qui- 
none imines. 

Halides are sometimes added to alkenyl 
aromatic resins such as polystyrme to make 
them self-extinguishing, Le., incapable of 
sustammg a flame for more than a few seconds 
whai the flame used to ignite the resin is 
reinoved. The halides most often used for 
this purpose are chlorinated and brominated 
organic compounds altiiougjb inorganic com- 
pounds such as ammonium bromide are some- 
times used. Al&oufi^i the desired flameproof- 
ing characteristics may be obtained with these 
agents, it is necessary in some instances to 
use substantial quantities of the halide to 
obtain the desired self-extinguishing pro- 
perties. These high concentrations of halide 
may introduce any of several undesirable pro- 
perties in the resin. For example, the halide 
often dilutes or plastidzes the resin thereby 
red ucing phy sical properties such as tensile 



^ngth and heat distortion temperature. 
Anotiier property commonly affected is the 
color of the resin, particularly after exposure 
to elevated temperature or actinic light owmg 
to the poor thermal and photo-chemical sta- 
biHty of tile halides. Also, severe corrosion 
of molding equipment is frequentiy experi- 
enced with resms containing halides having 
poor tiiermal stabiKly. Some halides impart 
a musty odor to the resin when used at high 
concentrations. To avoid these undesirable 
effects of the halide the quantity used is 
often that which provides the minimum re- 
quired flameproofing properties. 

It has now been found that the self- 
extmguishing properties of the halide can be 
enhancal substantially by tiie use of a free 
radical initiator such as the hydrazones, orga- 
nic disulfides, . diphenyl - a - medioxy- 
bibenzyl, azo compounds, quinone imttiP^ 
sdfenamides in combmation with the halide 
whereby a lesser amount of the flameproofing 
agmt may be anployed without sacrifidng 
self-extmguishing properties. 

The^ sutfenamides which are delayed action 
vulcanization accderators as characterized by 
the plot of Mooney viscosity against time 
are those which are particularly useful as 
adjuvants for self-extmguishing polymers con- 
taining halides as flameproofing agents. Thus, 
N - cyclohexyl - 2 - benzothiaasole sulien- 
amide, as weU as otiier sulfenamides having 
a cure time of about 50 percent or more of 
N - cyclohex3d - 2 - benzodiiazole sulf en- 
amide when present in tiie same concentration 
m a similar unvulcanized rubber formulation 
have been found to be effective adjuvants for 
self-extmguishing resins. 
The sulfenamides which have been found 
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to be most particularly effective in flameproof- 
ing alkenyi aromatic resins have the general 
formula: 
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where Ri is hydrogen, an alkyl, cycloalkyl or 
a phenyl group; is an alkyl, cydoalkyl, 
phenyl, or the mercaptobenzothiazole group^ 
or where Ri and Rs collectively arc 



> 



10 wherc Ra is hydrogen or an alkyl 
wdl as ^e conesponding sulfenamii 
sented by the general f onnula 



\ 



roup; as 
repre- 



(W) 



where R^ is an alkyl group and R^ is an 
alkyl or alkoxy group. 

Formula (I) includes compounds such as 
N - tert. - butyl - 2 - benzothiazole sulf en- 
amide; N - <gdohexyl - 2 - benzothiazole 
sulfenamide; N,N - diethyl - 2 - benzothiazole 
sulfenamide; N - tj<?propyi bis(2 - benzothi- 
azole sulfen)amide; N,N - dicyclohesyl - 2- 
benzothiazole sulfenamide; and N - phenyl- 
2 - benzothiazole sulfenamide. Examples of 
sulfenamides represented by formula (II) are: 
N - oxydiethylene - benzothiazole - 2 - sulfen- 
amide and 2j4 - dimethyl - 3 - oxypenta- 
mediylene - benzothiazole - 2 - sulfenamide. 
Formula (US) includes sulfenamides such as 
5 - carbomethoxy - 4 - methyl - 2 - thiazole 
N - isopropyl sulfenamide and 5 - acetyl - 4- 
mediyl - 2 - tfiiazok N - fert-butyl sulfen- 
amide. 

Among the disulfides which have beeai 
found to be effective adjuvants are benzyl di- 
sulfide, xylyl disulfide, butybcanthic disulfide, 
benzothiazole disulfide, as well as polydisul- 
fides such as ditfaio bis(p - ferf-.- amylf^enol 
disulfide). 

These disulfides have been used m the 
past as chain transfer agents in the polymeri- 
zation of styrene to prevent the formation of 
extremely long polymer chains, thereby piD- 
dudng lower molecular weight polymers. The 
rdative effectiveness of these agents has been 
designated as the transfer constant in styrene 
polymerization^ with those agents having the 



higher constants being the more effective. 
These transfer constants are discussed by C. 
Walling, "Free Radicals in Solution," John 
Wiley & Sons, New York (1957) pages 148— 
160. In general the disulfides having transfer 
constants greater than about 0.6 at 50^ C are 
especially suitable adjuvants for the flanae- 
proofing halides. However, disulfides having 
transfer constants of less than 0.6 may be 
employed, as illustrated by benzyl disulfide 
which has a coefficient of only 0.03 at 50** C 
yet enhances the flameproofing properties of 
the halides. 

The hydrazones which have been found to 
be partiodarly effective in this invention may 
be represented by the formula 

wherein Ri represents an alkyl, aryl, or aral- 
^1 radical, Ro represents an alkyl, aryl or 
aralkyl radical or a hydrazone group having 
the formula 

Ra represents hydrogen or an alkyl, aryl or 
ai^lkyl radical and R4 represents an aryl, 
aralkyl or halogenated aryl radical. These 
hydrazones are tiie type which may be pro- 
duced by the reaction of a ketone with a 
phenylhydrazine. Examples of hydrazones 
covered by this general formula are those 
whidi may be obtained by reacting phenyl- 
hydrazine with acetone, methyl ethyl ketone, 
diethyl ketone, methyl prrayl ketone, aceto- 
phenone, benzophenone and hexanonephenone 
as weU as diketones such as 2,3 - pentadione 
having adjacent carbonyl groups. In addition 
to phenyl hydrazines, suitable adjuvants may 
be prepared from 2,5 - dichlorophenyl- 
hydrazine and 1,1 - diphenyl hydrazine. 

Among the suitable azo compounds are 
azobiisobutyronitrile, azobiscyclohexanenitrile 
and tile azonitrile from cydobutanone. Suit- 
able quinone imines include p-quinone dioxine, 
p-dibenzoylquinone dioxine, 2,6-dichloroqui- 
none chlorimide and N - chloro - p - benzo- 
quinone imine. 

The utility of these compounds in enhanc- 
ing the self-extinguishing properties of resms 
was demonstrated in a series of tests. The 
resin used in these tests was polystyrene. The 
flameproofing agents were intimately mixed 
with the resin by dissolving the materials in 
methyl chloride then rapidly evaporating the 
solvent thereby producing a foamed struc- 
ture. Test bars approximately 1/4 inch (6.35 
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mm.) thick by 1/2 inch (12.7 mm.) wide and listed in Table I. The self-extinguishing times 10 

3 — ^5 inches (7.6—12.7 cm.) long were cut (S.E.) reported are the averages of several 

from the foamed polymer for the burning observed values where multiple tests were 

tests. The sdf-ertinguisfaing properties were made. The halide used in preparing these 

5 determined by holding one end of the bar samples was acetylene tetrabromide (ATB). 

in the flame of a micio-bumer for four seconds The concentrations of both the free radical 15 

then withdrawing it from the flame and noting initiator and the ATB are expressed as parts 

the length of time required for the flame to per 100 parts of resin (phr). 
extinguish. The results of these tests are 

Table I 

Effect of Various Ekeb Radical Initxators on SELFTExnNGuisHiNG Time of 

FOLYSTTRENB C0MTAINZN6 AGEIYLENE TBTRABROMIDB 



Free Radical InitiaiDr 


phr 


ATR nhr 


OrnUm A ime s 


None 








None 




3 0 


Q 
D 


N-rfirr.-butyl-2-benzothiazole sulfenamide 


1 


2 


1 A 


N-cyclohexyl-2-ben2othia2ole sulfenamide 


1 


2 


1 A 


N-isoprop3^ bis(2-benzothiazole sulfea)-amxde 


1 


2 




N-terf .-butyl bis (2-benzothiazole su]fen)-Qmide 


1 


2 


1 n 


N-oxydieth.ylene-benzodiiazole-2^ti]fenanude 


1 


2 




2,4-Dinieth.yl*3-QKapentametliyIene benzotiua- 
zole-2-sul&namiae 


1 


2 




2-^ropanQne phenylhydtazone 


1 


2 


<1 


2-butBno&e phenylhydrazone 


1 


2 


5 


2-peatanozie phenylhydtazone 


1 


2 


4.6 


aoetDpheQ,onc phenylhydtazone 


1 


2 


4.6 


benzopheaone phenylhydrazone 


1 


2 


4.2 


2-prppanone l-mediyl-l-phenylhydraz(me 


0.5 


1 


11 


acetopheoone l-methyl-l^phenylhydrazone 


0.5 


2 


<1 


benzophenone l-medxyl-l-phienylhydrazone 


1 


2 


5 


2-prqpanone 1,1-diphenylhydrazone 


0.5 


1 


11 


acetophenone l,lH3iplien]^ydrazone 


0.5 


1 


2.8 


benzophenone 1,1-diphenylhydrazone 


1 


2 


2.4 


xylyl disulfide 


1 


2 


2 


benzothiazole disulfide 


1 


2 


2.1 


buQ^lxantiuc disulfide 


1 


2 


1.2 


benTyl disulfide 


1 


2 


6.6 
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Tabus I (confd.) 

Effect of Vasious Free Radical bimAiORS ok SELF-KcnNSUisinNG Tcmb of 

FOLYSmEMB CONTAINmG ACETTLEKE TeIRABROMIDB 

Free Kadical Initiator phr ATBphr S.E. Time seconds 



diduo hisC^rerr.^amylphenol disulfide) 


2 2 


<1 


Poly(f-fert.-amyIphenol disulfide) 


1 2 


1.8 


a,a-dipheayl-a-nxedioxybibenzyl 


1 1 


<1 


a2X>bisGydoiiexanenitrile 


1 2 


2 


,p-qui&Qne diosine 


1 2 


1.2 


p-dibenzoylquinQne diosdne 


I 2 


1.4 


2,6-dichlotoquinoae dilortmide 


1 2 


<1 



From these data is can be seen that poly- 
st^ene containing 2.5 parts ATB without a 
free radical initiator of this invention is not 
5 self-extinguishmg whereas polymer contain- 
mg only 2 percent ATB in the presence of 
1 percent £ree radical initiator has a low SJE. 
time. 

The polydisulfide appearing last in the 
10 table is similar to the one immediately above 
it^ the difPerenoe being that the former con- 
tains more p^^flr^.-amylphcnol groups in the 
molecule than the latter. A molecule of the 
dithio bis(p^^.-amylphenoI disulfide) con- 
15 tains four of these groups connected by three 
disulfide linkages whereas the ^l^ip-tert." 
amylphoiol disulfide) contains more than four 
<tf these groups connected by disulfide link- 
ages. 

20 These adjuvants ace also effective in molded 
solid resins. Test bars were made by grinding 
the foamed resin &en compression molding 



the powder at 140—148° C. for 1.5 minutes. 
Bare prepared in dils manner which contained 
2 phr ATB and no adjuvant were not self- 25 
extinguishing whereas bars containing only 1 
phr ATB in combination with 1 phr of N- 
terL - butyl - 2 - benzothiazole sulfenamide 
extinguished in 14 seconds. 

The flameproofing properties of halides 30 
other than ATB in combination with the free 
radical initiators were investigated using 
foamed polystyrene test bars prepared m the 
same maimer as described above. The results 
of these further tests are listed in Table n. 35 
As in Table I, the concentrations of the flame- 
proofing agents are listed in phr and the self- 
extinguishing times are the averages of several 
tests. These data illustrate the ability of the 
free radical initiators to enhance &e self- 40 
exdnguishing properties of variotis halides 
commonly used to prepare flameproof resins. 
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Table n 

Self-Extinguishing Properties of Polystyrene Containing a Free Radical 
Iniiiator and Various H&lides 



HaMe 


yiix 


JJiiUaiOr 


pnr 


S.£. Time S 




0 n 






8.0 


99 


1 4 


A 

A 


0.5 


3.6 


99 


1 n 


JLI 


1.0 


3.0 


99 


1 .3 


c 


0.5 


2.4 


Fentabromomonochlorocydo- 


2.0 


none 




Bums 


99 




A 

A 


0.5 


3.0 


99 






0.5 


3.2 


99 






0.5 


5.8 


99 


1 n 


D 


1.0 


2.4 


99 


1 n 
1.0 


£ 


1.0 


<1.0 


phosphate 




none 




Bums 


99 


2.0 


none 




>25 


99 


3.0 


A 


1.0 


3.6 


99 


3.0 


G 


1.0 


1.8 


99 


2.0 


D 


2.0 


2.8 


99 


1.0 


£ 


1.0 


8.0 


Tettachloroethane 


12.0 


none 




Bums 


99 


10.0 


B 


2.0 


8.0 


99 


10.0 


C 


2.0 


3.4 


Tris(dicfa]oiopiopyl) phosphate 


15.0 


none 




Boms 




13.0 


A 


2.0 


4.8 


99 


13.0 


B 


2.0 


5.8 


99 


13,0 


C 


2.0 


1.0 


99 


10.0 


D 


2.0 


1.8 


Hexachloxoetfaane 


12.0 


none 




Bums 


99 


10.0 


B 


2.0 


3.2 


*9 


10 


D 


2.0 


3.0 
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Halide 


Table II (conf d.) 
phr Initiator 


phr 


S.E. Time Seconds 


Hezachlozobeazene 


12 


none 




Bums 




10 


B 


2.0 


5.0 


Hexabiomobenzene 


4.0 


none 




Burns 


99 


2.0 


D 


2.0 


12 


Pentacbloroediaiie 


12.0 


none 




Burns 




10.0 


D 


2.0 


7.8 



A = N-rert-bui7^-2-bcnzoiiua2ole sulfenamide 
B N-rerr-butyl bis(2-beazoduazole su]fen)aniide 

C = poly(p-rerr-am^phenol disulfide) 

D s= 2-propanonephen3^ydrazone 

£ = oc^^dq)henyl-x-inediQ8ybiben2yl 



In addition to the halides listed in the 
above tables these adjuvants may be used to 
enhance the flameproofing properties of other 
halides such as ammonium bromide, 2,2- 
bis [3,5 - dibromo - 4 - (2,3,3 - tribromo- 
alloxy)phenyl] propane, bis(2,33 - tribromo- 
aUyl)maleate, and 2,3,3 - trihromoallyl 2,496- 
tribromophenyl ether. 

These unique combinations of flameproofing 
agents may be used with homopolymers and 
copolymers of alkylene aromatic monomers 
such as styrene, o^-metiiylstyzene, ethylstyiene, 
tVopropyl st^ene, ^firt,-butylstyrene, vinyl 
xylene, and dilorostyrene. TMs invention may 



also be used to advantage with copolymers 
containing prmcipally styrene with minor 
amounts of other monomers as well as with 
the high impact type styrene polymers con- 
taining about 2—20 weight percent of a 
rubbery polymer such as polybutadiene, poly- 
isoprene, or a butadiene-styrene elastomer 
such as GR— S. Table HI represents data on 
the flameproofing properties of a number of 
these resins containing acetylene tetrabromide 
in combination with various free radical initia- 
tors. The combinations of these agents are 
expressed in the same units as in Tables I and 

n. 
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Table III 

Self-Extinguishing Properties of Alkentl Aromatic Resins Containing 

ACBryLENE TlBTRABROMIDB AND A FfeBE RADICAL INITIAIOR 



Resin 


ATBphr 


Free Radical 
Initiator 


phr 


S.£. Time Seconds 


Polystyrene — 79 percent styrene, 21 
perceni oc-inetiiyisiyrene 


8 


Ncme 




15.0 




6 


A 


2 


8.0 




6 


B 


2 


5.6 




6 


C 


2 


3.0 




6 


E 


2 


1.0 


Polystyrene — 93 percent styrene, 7 
percent acrylonitrile 


4 


none 




13.6 




3 


A 


1 


1.8 


99 


3 


C 


1 


<1.0 


3> 


4 


D 


1 


3.8 


Polystyrene Ctontaining 5 percent 
GR"^S 


4 


none 




19 


99 


3 


A 


1 


7 


99 


3 


B 


1 


12 


99 


2 


D 


1 


12.0 


99 


5 


None 




6 


Polystvxene Contsining 5 percent 
GR— S 


4 


C 


1 


2 


» 


3 


None 




>25 


39 


2 


£ 


1 


15 


99 


2 


E 


2 


10 


Polyvinyltoluene 


8 


None 




Bums 


99 


6 


B 


2 


15 


33 


6 


C 


2 


12 


39 


6 


D 


2 


4.2 



A = N-rm-butyl bis(2-ben2othiazole sulfen)amide 

B = N-w<9propyl bis(2-benzothiazole sulfen)amide 

C = acetone phenylhydrazone 

D = poly(p-ferf-amylplienol disulfide) 

E = a, a^-diphenyl-a-methoxybibenzyl 
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Other tests were made wherein the flame- 
proofing agents werje present in the emulsion 
during suspension polymerization of the sty- 
xene monomer in laboratory bottle polymeriz- 

5 ation apparatus. Hie polymer beads produced 
in this manner were water-washed then de- 
volatilized in a vacuum oven at 25 mm. and 
80° C for 16 hours. Compression molded 
standard test bars 6'' x 1/2" x 1/8", were 

10 tested for self-extinguishing properties accord- 
ing to the Underwriter's Subject No. 94 Test. 
The results of these tests are presented in 
Table IV. As in Table I the concentrations 
are in weight percent. 

15 The Underwriter's Subject No. 94 Test is 
carried out as follows: — 

The test spedm^ is supported from the 
upper end, with the longest dimension verti- 
cal, by a damp on a ring stand so that the 

20 lower iCnd of tfie specimen is 3/8 inch above 
the top of a burner tube. The burner is then 
placed remote from the sample, ignited, and 
adjusted to produce a blue fline 3/4 inch 
in height. 

25 The test flame is placed centrally under the 
lower end of the test specimen and allowed 
to remain for 10 seconds. The test flame is 
then wi&drawn, and the duration of flaming 
or glowing combustion of the specimen is 

30 noted. If flaming or glowing combustion 
ceases witiiin 30 seconds after removal of the 
test flame, the test flame is again placed imder 
tiie specimen for 10 seconds immediately after 
flanung or glowing combustion of the speci- 

35 men stops. The test flame is again withdrawn 



and the duration of flaming or glowing com- 
bustion of the specimen noted. 

If the specimen drips flaming particles or 
droplets while buring in this test, these drip- 
pings shall be allowed to fall onto a horizontal 40 
layer of conon fibers (untreated surgical cot- 
ton) placed 1 ft. bdow the test specimen. 
Significantly flaming particles are considered 
to be those cap^le of igniting the cotton 
fibers. 45 

The duration of flaming or glowing com- 
bustion of vertical specimens after appli- 
cation of the test flame, average of three 
specimens (6 flame applications) shall not 
exceed 25 seconds (maximum more than 30 50 
seconds) and the pordon of die specimen 
outside the damp shall not be completdy 
burned in the test * 

Materials which comply with the above 
requirements and do not drip any flaming par- 55 
tides or droplets during the burning test « 
will classify as "Self-Extinguishing Group 

Materials which comply with the above 
requirements, but drip flaming partides or 60 
droplets which bum only briefly during the 
test will dassify as " Self-Extinguishing, 
Group II." 

Similar results were obtained employing 
N - tet't - butyl bis(2 - benzothiazole sulfen)- 65 
amide. This technique is not employed to 
advantage with compounds such as die hydra- 
zones which generally inhibit the polymeriz- 
ation of alkenyl aromatic compounds. 



Table IV 

EBFBCT of ac,aMDlPHENyt-a-MEIHDXYBIBEMZYL OX AdDHIVES IN FOLYSTYHEKB 



S£. Additive 


percent 


Synergist^ 
percent 


S.E. Time, Sec. 


Bis(2,3,3-tedibromoallyl)maleate 


3.0 


0 


23, >25 




3.0 


1.0 


0,0 




1.5 


1.0 


0,0 




0.75 


1.0 


2,0 




0.38 


0.5 


2,10 


2,4,6-tribcomophenylacrylate 


8.0 


0 


>25 


99 


8.0 


1.0 


4,4 


Tetrachlorodibromoediane 


1.0 


0 


>25 


99 


1.0 


0.5 


2 


99 


0.5 


1.0 


3 
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Another technique which may be used to 
obtain an intimate mixture of the resin and 
flameproofing agents is that of pressurization. 
According to ±is method, about 100 parts 
by weight of polymer granules are placed in 
about 150 parts by wei^t of an aqueous solu- 
tion which may contain a suspending agent, 
e.g., one weight percent methyl cellulose. The 
self-extinguidiing agents and about 2 — 10 
weight percent of a blowing agent such as 
normal pentane, if a foamable resin is desired, 
are also added to the slurry which is then 
placed in a pressure vessel whece it is agitated 
and heated to a temperature of 90 — 130® C. 
over a period of 15—45 minutes. The slurry 
temperature is held at that level for a period 



up to four hours then gradually lowered to the 
initial starting temperature so that granules 
will not foam when the reactor is opened. The 
polymer is separated from the slurry and 20 
washed to remove suspending agent and other 
materials coating the granules. This method 
has been found to be effective in impregnating 
the granules with from 70 to 95 or greater 
percent of the self-extinguishing agents which 25 
are added to the slurry. 

Table V lists self-extinguishing times for 
polystyrene which was flameproofed in this 
manner. The halide used in these samples 
was acetylene tetrabromide f ATB). The pres- 30 
surizaticn time does not indude mt waim-up 
and cooling tunes. 



Tabib V 

Polystyrene Flamephogfed bt Fbessuriz&tion 



Fressunzation 



Free Kadical Initiator 


phr 


phr 


Temp. 


Timfr— Hr. 


S.E. Time seconds 


None 




3 


95 


3 


Bums 


None 




4 


95 


3 


10 


N-f^£.*-butyl-2*benzouuazole sulfen- 
amide 


2 


2 


95 


1 


2.6 


» 


2 


2 


95 


4 


4.2 




2 


2 


105 


3 


4.8 




2 


2 


130 


0 


3.6 


N-uopropyi bis(2-benzothiazole sulfen) 
anolde 


2 


2 


95 


4 


3.5 


N-m. -butyl bis(2-benzothiazole 
sulfen)amide 


2 


2 


95 


4 


3.8 


Acetone phenylhydrazone 


1 


1.5 


95 


0 


6.4 


99 


1 


1,5 


95 


1 


3.2 


c 

» 


1 


1.5 


95 


3 


1.8 




2 


1.5 


130 


3 


5 


Didiiobis(p-r^^.-amylphenol di- 
sulfide 


2 


2 


95 


4 


4.8 


Foly (p-rerr.-amylphenol disulfide) 


2 


2 


130 


1.5 


1.0 


Benzyl disulfide 


2 


2 


95 


1 


1.8 




2 


2 


130 


0.5 


6.2 
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The concentration of balide necessary to 
obtain the desired flameproofing properties 
depends to a great extent on the pardcular 
halide used as illustrated in Table II. Addi- 

5 tionaUy, some resins require a higher concen- 
tration of flameproofing agents than others 
as shown in Table III. The free radical initia- 
tors are advantageously employed in amounts 
of from 0.1 to 3.0 parts per hundred parts 

10 of resin. More than 3.0 parts per hundred 
may be employed if desired but is generally 
not economically justifiable. Most advantage- 
ously one employs from 0.5 to 2.0 parts per 
hundred parts of resin. The amount of a pard* 

15 cular sytiergist employed will vary with the 
amount and idnd of halide used. 

WHAT WE CLAIM IS: — 

1. Alkenyl aromatic polymer composition 
vi^ich conuins a halogen flameproofing agent 

20 characterized in that it also contains a free 
radical initiator which is a sulfenamide^ a 
hydrazone, an organic disulfide^ an azo com- 
pound, a qumone imine or cr^a - diphenyl- 
a - methoxybibenzyl as a flameproofing adju- 

25 vant 

2. Composition of Claim 1 wherein the free 
initiator is N - cydohexyl - 2 - benzothiazole 
sulfenamide or a sulfenamide which produces 
a cure time in the vulcanization of rubber 

30 of at least 50 percent of the cure time for a 
similar farmulation containing same con- 
centration of N - cydohexyl - 2 - benzothi- 
azole sulfenamide. 

3. Composidon of Claims 1 or 2 wherein 
35 the sulfenamide has the formula: 




where Ri is hydrogen, an alkyl, cycloalkyl or 
phenyl group; Ro is an alkyl, cycloalkyl, 
phenyl or the mercaptobenzothiazole group, 
40 or where Ri and R3 collectively are 




where R3 is hydrogen or an alkyl groups or 
the fomnila: 

45 v/here R^ is an alkyl group and R- is an 
alkyl or an alkoxy group. 



4. Composition of Qaims 1 to 3 wherein 
the sulfenamide is N - tert. - butyl - 2- 
benzothiazole sulfen)amide, or N - tert. - butyl 
bis(2 - benzothiazole sulfen)amide. 50 

5. Composition of Claim 1 wherein the 
free radical initiator is a hydrazone having 
the formula: 



wherem Ri represents an alkyl, aryl, or aralkyl 55 
radical; Rs represents an alkylj aryl, or aralkyl 
radical or a hydrazone group having the 
formula: 




R3 is hydrogen or an alkyl, aryl, or aralkyl $q 
radical; and R4 is an aryl, arallgri, or a halo- 
genated aiyl radical. 

6. Composition of Qaim 5 wherein the 
hydrazone is 2-propanone phenylhydrazone, 

2,3 - pentanedione bis - phenylhydiazone, or 55 
phenone 1 - methyl - 1 - phenylhydrazone, or 
acetophenone 1,1 - diphenyfliydrazone. 

7. Composition of Claim 1 wherein the free 
radical initiator is benzyl disulfide or an 
organic disulfide havmg a transfer constant 7Q 
in styrene polymerization greater than about 
0.6. 

8. Composition of Qaim 7 wherein the 
disulfide is benzothiazyl disulfide, butylxanthic 
disulfide, xylyl disulfide or poly (p - tert.^ 75 
amy! - phenol disulfide) containing at least 

4 p - tert - amylphenol groups in the mole- 
cule. 

9. Composition of Claims 1 to 8 which 
contains from 0.1 to 3.0 parts of free radical go 
initiator per hundred parts of composition. 

10. Process for improving the self-ex- 
tinguishing properties df an alkenyl aromatic 
resin comprising intimately incorporating in * 
said resin a halogen flameproofing agent and S5 
0.1 to 3.0 parts per hundred of a free radical 
initiator which is a sulfenamide, a hj^azone, 

an organic disulfide, an azo compound, a qui- 
none imine, or - diphenyl - <x « methaxy- 
bibenzyl. 90 

11. Process for making self-extinguishing 
alkenyl aromatic resins comprising: preparing 
an aqueous dispersion of resin granules 
together with flameproofing agents con- 
sisting of a self-extinguishmg quantity 95 
of a halogen flameproofing agent and 
from 0.1 to 3 parts per hundred parts resin 

of a free radical initiator which is a sulfen- 
amide, a hydrazone, an orgam'c disulfide, an 
azo compound, a quinone imine, or 100 
methoxybibenzyl, agitating the dispersion 
while gradually increasing tiie temperature 
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thereof to a level in the range 90 to 130^ C, 
maintaining the temperature level for a period 
up to 4 hours, thereafter gradually decreasing 
the temperature of the diqjersion to approxi- 
mately ambient temperature, then recovering 
said self-extinguishing resin granules there- 
from. 

12. Process for improving tiie flameproofing 
characteristics of an allcenyl aromatic polymer 
containing a halogenated compound wher«in 
the polymtt* is produced by the suspension 
polymerization of an alkenyl aromatic mono- 
mer in the presence of the halogenated com- 
pound, which comprises the addition of a 
synergistic quantity of c,a^ - diphenyl - a- 
methoxybibenzyl to the suspension during the 
polymerization, the quantity of said 
diphenyl - « - methoxy - bibenzyl being equal 



to from about 0.1 to about 2.0 weight percent 
of said polymer. 20 

13. Polymer composition according to claim 
1 containing a halogen flameproo&ig agent 
and a free radical initiator substantially as 
hereinbefore described. 

14. Process according to claim 10 for 25 
improving the sdf-extisiguishing characteristics 

of alkenyl aromatic polymer substantially as 
hereinbefore described. 

15. Alkenyl aromatic polymer compositions 
whenever prepared by the process claimed m 30 
any one of claims 10, 11, 12 or 14. 

BOULT, WADE & TENNANT, 
111 & 112. Hatton Garden, London, E.Cl. 
Chartered Patent Agents, 
Agent for the Applicants 
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